INTRODUCTION
Carbon fiber reinforced silicon carbide composites (C/SiC) have been developed and tested for structural applications, such as components of turbine engines, the reentry thermal protection system of spacecraft, ultralightweight mirrors and so on /1,2/. The coefficient of thermal expansion (CTE) is one of the most relevant properties for all these applications. Thermal expansion of C/SiC composites has been reported and some data can be obtained /3/, but it has not been systematically investigated.
The fibers, matrix and interlayer in C/SiC composites have different CTEs and, consequently, thermal stress will be produced in these three microstructure constituents. Clearly, the expansion behavior of the C/SiC composites depends upon the thermal stress /4/. It is necessary to relate the expansion behavior to the thermal stress in order to reveal expansion mechanisms of the composites. When used at high temperatures, the thermal stress conditions will change and then the composites will exhibit a different expansion behavior. Therefore, it is very important to clarify the effect of heat treatment on the expansion behavior for applications of C/SiC composites. It is more convenient to relate the expansion behavior to the thermal stress by using ID C/PyC because the thermal stress is here relatively simple. 
Measurements of CTE
Α DIL 402C dilatometer made by Netzsch Company was employed for measurements of CTE. The required specimen size was 3.5 χ 3.5 χ 20 mm 3 . All measurements were conducted in a nitrogen atmosphere from room temperature to 1400°C. The SiC/C/SiC specimens were measured twice and the C/PyC specimens three times. The first measurement acted on the second one as a heat treatment, so did the second on the third. temperature from the three measurements coincided completely with each other. This indicates that heat treatment has no effect on the CTE of 1D C/PyC. Above the deposition temperature, the CTE of 1D C/PyC from the second measurement was much higher than that from the first measurement. The CTE of ID C/PyC from the third measurement was nearly coincident with that from the second measurement below 1300°C. The former was a little higher than the latter above 1300°C.
It can be seen that the heat treatment has a strong effect on the CTE of 1D C/PyC, but further treatment has no obvious effect. Below 900°C, the CTE of ID C/PyC increased linearly with increasing temperature. Above 900°C, the CTE of the prepared 1D C/PyC decreased rapidly and increased again after reaching its minimum value at about 1200°C. However, the CTE of the treated ID C/PyC always decreased above 900°C.
The thermal expansion behavior of C/PyC can be related to thermal stress change with increasing temperature in the fibers and the PyC matrix (Fig. 2 ).
Since the CTE of the fibers was higher than that of the In the second measurement, the CTE of ID C/PyC was mainly controlled by contraction of the fibers above the transition temperature and by expansion of the PyC matrix below the transition temperature. As a result, the CTE of 1D C/PyC from the second measurement coincided completely with that from the first measurement and increased greatly above the deposition temperature.
After the second measurement, the transition temperature was not significantly increased. Therefore, the relation of CTE to temperature from the third measurement was the same as that from the second measurement. 
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